Background: Whole body computed tomography in trauma (WBCTT) is a standardized CT examination of trauma patients. It has a relatively high radiation dose. Therefore, well-defined clinical indications and imaging protocols are needed. This information regarding Nordic countries is limited. Purpose: To identify Nordic countries' WBCTT imaging protocols, radiation dose, and integration in trauma care, and to inquire about the need for common Nordic guidelines. Material and Methods: A survey with 23 multiple choice questions or free text responses was sent to 95 hospitals and 10 trauma centers in and outside the Nordic region, respectively. The questions were defined and the hospitals selected in collaboration with board members of ''Nordic Forum for Trauma and Emergency Radiology'' (www.nordictraumarad.com). Results: Two Nordic hospitals declined to take part in the survey. Out of the remaining 93 Nordic hospitals, 56 completed the questionnaire. Arterial visualization is routine in major trauma centers but only in 50% of the Nordic hospitals. The CT scanner is located within 50 m of the emergency department in all non-Nordic trauma centers but only in 60% of Nordic hospitals. Radiation dose for WBCTT is in the range of 900-3600 mGy Â cm. Of the 56 responding Nordic hospitals, 84% have official guidelines for WBCTT. Eighty-nine percent of the responders state there is a need for common guidelines. Conclusion: Scanning protocols, radiation doses, and routines differ significantly between hospitals and trauma centers. Guideline for WBCTT is presently defined locally in most Nordic hospitals. There is an interest in most Nordic hospitals to endorse new and common guidelines for WBCTT.
Introduction
Standardized computed tomography (CT) protocol of head-thorax-abdomen was introduced to Nordic countries in the late 1990s (1) , and is now referred to as whole body CT in trauma (WBCTT). Standardized CT protocols have significantly shortened time in the emergency room and the time that patients spend in emergency departments (2) (3) (4) (5) (6) (7) (8) . Therefore, WBCTT has gained popularity and is currently being performed routinely in many hospitals receiving trauma patients (9, 10) . However, WBCTT exposes the patient to a relatively high radiation dose, and the number of patients exposed to a radiation dose of 20 millisieverts (mSv) has increased (11) , and there have been concerns over the increased use of CT (12).
A variety of criteria are used as indications for performing WBCTT, e.g. mechanism of injury, abnormal vital signs, and/or clinically apparent injuries, and different scanning protocols can be used as well (12) (13) (14) (15) (16) . Therefore, to optimize trauma care, local clinical decision rules or guidelines should be applied. However, a survey conducted 2011 in the UK to identify the use of WBCTT showed that few hospitals in the UK had official guidelines (22%), but a similar proportion (23%) used WBCTT without the presence of official guidelines (17) . To our knowledge it is not generally known how WBCTT is currently used in the Nordic countries. Therefore, the aim of this study was to find out how WBCTT is used in the Nordic countries today and is there a need for common guidelines?
Material and Methods
A survey was sent to 95 Nordic hospitals. The radiologist in charge of emergency radiology or CT was asked to complete the questionnaire. The selection of hospitals was based on web-search, and hospitals with emergencies departments where name and address to trauma radiologist or head of radiology department could be found: Sweden (n ¼ 54), Denmark (n ¼ 21), Norway (n ¼ 5), and Iceland (n ¼ 2). In Finland, 13 major hospitals in trauma care were selected by a ''Nordic Forum for Trauma and Emergency Radiology (NORDTER)'' (www.nordictraumarad.com/) board member with personal knowledge of whom to contact The survey was also sent to 10 major trauma centers in the USA (n ¼ 5), the Netherlands (n ¼ 2), Belgium (n ¼ 1), Italy (n ¼ 1), and England (n ¼ 1) that were known to be active in trauma imaging research. NORDTER board members selected the non-Nordic trauma-centers and assisted in selecting the Nordic hospitals. The questionnaire comprised 23 multiple choice and free text response questions (see Appendix 1 -online only). The questionnaire was put together using Google forms online to enable easy distribution and collection of answers. Participants were given the option of getting the questionnaire sent by regular mail and reminders were sent two times to hospitals that did not reply to ensure maximized answering frequency.
Statistical analysis was made using basic spreadsheet functions of Microsoft Excel 2013 (Microsoft Corp, Redmond, WA, USA).
Results

Response rate
Two hospitals in Sweden responded that trauma patients are taken to other hospitals in the region and therefore declined to take part in the survey. Of the remaining 93 Nordic hospitals, 56 (60.2%) completed the questionnaire. The frequency of answers for each country/region is presented in Fig. 1 .
Number of WBCTTs performed and official guidelines
The hospitals were asked to approximate the number of WBCTT they perform on average (Table 1 ).
An alert policy for severely ill trauma patients that can be set off either from the emergency department or the local ambulance service to optimize the staffing in the emergency room was present in 52 (96.4%) of the 56 responding Nordic hospitals and in seven (87.5%) of the eight non-Nordic hospitals. An official guideline for when it is indicated to perform a WBCTT was present in 47 (83.9%) of the Nordic hospitals ( Table 2 ) and in six (75.0%) of the non-Nordic hospitals. Three of the hospitals (located in the USA, Norway, and Iceland) that do not have a guideline are in the process of defining guidelines.
Of all the hospitals that responded, 46 (71.9%) perform WBCTT after the primary survey. Data for when WBCTT is performed in Nordic and non-Nordic countries are presented in Fig. 2 .
Criteria for performing WBCTT
The criteria used for deciding if WBCTT should be performed varied between hospitals ( Table 3 ). The most common criterion used was mechanism of injury. Three hospitals responded that they only use this specific criterion. 
Reporting of WBCTT
The survey showed that reporting in Nordic countries is done both by consultants and residents ( Fig. 3 ). If a resident makes the initial radiology report, 50 (89.3%) of the Nordic hospitals reported that a consultant makes the final report or comments it.
Three hospitals in Sweden commented that outof-hours the reporting is done by radiologists at a teleradiology center in Sydney, Australia, including WBCTT unless if it is associated with a trauma alarm. In that case, a local radiologist who is on standby at home will come to the hospital.
The non-Nordic trauma centers responded that a consultant does in-hours reporting in three (37.5%) hospitals and by either a consultant or a resident in the remaining five (62.5%) hospitals. During out-of-hours, in six (75.0%) hospitals the reports are made by a resident and by consultants at two (25.0%) hospitals. If a resident made the initial report, then a consultant makes the final report in seven (87.5%) hospitals. A majority of the Nordic hospitals responded that they report results of WBCTT orally and make provisional and final reports to the doctor in charge ( Fig. 4 ).
Protocols for WBCTT
All hospitals answered that they use intravenous contrast routinely. A standardized volume of i.v. contrast was used in 7/8 (87.5%) of the non-Nordic trauma centers. In the Nordic hospitals 30 of 55 (54.5%) use a standardized dose and 25 (45.5%) personalize the dose depending on age, weight, gender, and renal function. All were asked to describe how the different body parts are visualized with respect to i.v. contrast (Tables  4 and 5 ). For upper and lower abdomen excretoryphase was given as an option and for lower extremity the option ''this body part is not included routinely''.
Location of CT scanner
The CT scanner located inside or adjacent to the emergency department (ED) was present in 33 (60.0%) of the responding Nordic hospitals. Adjacent was defined as on the same floor and within 50 m from the ED. All non-Nordic trauma centers had a CT scanner located near the ED, two commented that the scanner is located inside the trauma room.
Alignment of arms
The hospitals were asked to submit how the patient's arms are aligned when performing WBCTT. Results for the Nordic hospitals are presented in Fig. 5 .
Radiation
The average radiation dose to the patient during WBCTT defined as the average DLP (milligray [mGy] Â cm) was reported by 37 (60%) of responding hospitals and four (50%) of the responding trauma centers. This is presented in Table 6 . 
Need for national/international guidelines
To conclude the survey the responders were asked to answer if they think there is a need for national/international guidelines concerning WBCTT. They were also asked if their department would be interested in adopting new guidelines in the future. Data are displayed in Fig. 6 .
Discussion
This survey had a response rate of 62.1%. This is a normal response rate frequently reported when questionnaires are sent to physicians (18) . Answering frequency was low for Denmark and Norway and thus it can be questioned if their answers are representative. Also, the web-search found more Swedish hospitals than, for example, Norwegian ones, and this may be a source of bias. The survey received good response rates in Sweden, Finland, and the non-Nordic region and it is less likely that non-response bias is a problem in these countries. No follow-up has been done to examine how the non-responders differ in routines. It is possible that the response rate would have increased if more efforts were made, for example making phone calls to the hospitals that did not respond. This survey displays the present situation in the Nordic hospitals, but does not provide any answers to the appropriateness of the routines currently used. Of the 56 responding Nordic hospitals, 47 (83.9%) have official guidelines for when the use of WBCTT is indicated. This was higher than expected as a similar study found guidelines for WBCTT indications in only 22.3% in the UK (17) . Even though most of the Nordic hospitals have a current guideline, 49 (89.1%) of the responders believe that there is a need for national or international guidelines and a majority are also interested in adopting new national or international guidelines in the future. The present survey indicates major differences in protocols and radiation doses for WBCTT between Nordic hospitals and even more when compared with the non-Nordic trauma centers. However, this study did not take into account the type of the CT scanner (i.e. 16-or 64-slice, etc.) which may affect scanning protocol and radiation dose the protocol selection and radiation dose. Also, the selection of non-Nordic sites was not randomized, and this might be a source of selection bias.
Fifty-three (82.8%) of the responding hospitals have official guidelines for the use of WBCTT and 10 (15.9%) of the hospitals without official guidelines perform WBCTT if it is considered adequate by the doctor in charge of the trauma. Forty-seven (83.9%) of the Nordic hospitals have official guidelines and six (75.0%) of the non-Nordic hospitals. In a similar study made in the UK (17) 22.3% of the hospitals had official guidelines and another 23.4% used WBCTT without guideline. This study was conducted in 2011 and therefore do not necessarily represent the current situation in the UK. The current survey shows that the hospitals in the Nordic region have come a far way in composing guidelines. Even so there seem to be little consensus between hospitals for how these guidelines should be formulated.
Most Nordic hospitals scan the patient only once while major trauma centers recommend repeated scanning of selected parts of the body (scanning head first before i.v. contrast, then scanning in arterial phase of head-neck-thorax-abdomen, and an additional scan of the abdomen in venous phase). Scanning a late phase is optional when injury of renal collecting system is expected. Split-bolus technique is questioned as it might hide pseudoaneurysms of the spleen and liver (19) .
This study demonstrates major differences in WBCTT protocols used in Nordic hospitals. There were also differences between the Nordic and the non-Nordic hospitals included in this survey. An important difference was the scanning of the neck with contrast enhancement of arteries. It has been shown that the use of contrast when scanning the neck and cervical spine is useful for detecting arterial injuries and it is recommended if there are documented injuries of the head and neck (20) . This was done regularly in only 18% of the Nordic hospitals compared to 88% of the non-Nordic hospitals. Another eight (14.5%) Nordic hospitals scan the neck in arterial phase if there are signs of injuries. As seen in Table 5 almost all of the non-Nordic hospitals perform WBCTT with visualization of arteries from neck to pelvis. Few Nordic hospitals reported a similar protocol. One possible reason for the difference between the Nordic and the non-Nordic hospital is that the non-Nordic hospitals are exposed to a different spectrum of trauma, e.g. penetrating gunshot injuries are more common in the non-Nordic countries.
Biphasic injection of contrast media resulting in contrast enhancement of arteries, veins, and organs was used in six (10.9%) of the Nordic hospitals. Monophasic injection of contrast media with scanning twice was performed in nine of the Nordic hospitals. Radiation dose is reduced when biphasic or a triphasic injection are used as this reduces the number of scans. However, these techniques are far from optimal in detecting splenic and hepatic pseudoaneurysms and arteriovenous (AV) fistula (19) .
Hospitals are using multiple criteria for deciding when to perform WBCTT (13, 21) . This also applies to the Nordic region. Most of the Nordic hospitals use mechanism of injury as a criterion for deciding when to perform WBCTT. The criteria reported in the current study were also reported in a survey made in the UK (17) . Their most reported criterion was presence of multiple injuries (90.2%) followed by mechanism of injury (75.6%), abnormal vital signs (65.9%), and anatomical site of injury (56.1%). Compared with the Nordic hospitals, presence of multiple injuries is a more frequently used criterion in the UK. The three other criteria (mechanism of injury, abnormal vital signs, and anatomical site of injury) are more frequently used in the Nordic countries. Compared with the non-Nordic hospitals, the Nordic hospitals reported that mechanism of injury is a more frequently used criterion. The other criteria were used in similar proportions of the hospitals. It is difficult to determine which criterion is more adequate since there seems to be no distinct consensus in the literature. As shown earlier, the criteria reported in this survey have a high sensitivity, but a low specificity and may lead to unnecessary scans (13) .
A CT scanner was located inside or adjacent to the ED in a majority (60.0%) of the Nordic hospitals, which is almost identical to a UK study (17) . All of the non-Nordic major trauma centers included in this current survey had a CT scanner located inside or near the ED. Of the Nordic hospitals, 10.9% are currently planning to relocate a CT scanner closer to the ED. We expect more hospitals will consider having a CT scanner close to the ED. The time before scan was reduced by 25% and the number of transports of the patients was reduced by more than half if the CT scanner was located in the trauma room (21) .
The radiation dose of WBCTT to the patient can be estimated using the dose length product (DLP) recorded for each scan. In the Nordic hospitals DLP was in the range of 900-3600 with an average of 1838 AE 535 mGy Â cm. The DLP was higher in the non-Nordic hospitals with an average of 2200 AE 505 mGy Â cm. Three of the Nordic hospitals and one of the non-Nordic hospitals provided a DLP that was higher than 2500 mGy Â cm. The effective radiation dose to the patient, however, was not evaluated in this study as it depends on several factors that were not taken into account. Radiation dose is related to the number of scans of each body part, dose/scan, dose reduction features of the specific scanner, and positioning of arms during scanning. Realigning the patient's arms when scanning the thorax and abdomen could reduce the effective dose by 16-22% (22, 23) . Also, if arms are parallel to the body, it has a negative effect on image quality (24) . In our study, 16% of the Nordic hospitals reported that they perform WBCTT with the patient's arms parallel to the body during the whole scan. The presence of spine-board under the patient and metal frames stabilizing fractures also induces higher radiation doses.
The effective radiation dose to the patient is a measure taking into account the sensitivity to radiation of different tissues. Assuming that the DLP to the head was approximately 1200 mGy Â cm (the average DLP for head from our hospital for WBCTT) and the remaining DLP belongs to thorax/abdomen, the effective dose was estimated to 14 mSv, 21 mSv, and 26 mSv for a DLP of 1838 mGycm, 2200 mGycm, and 2500 mGycm, respectively. For the estimation of effective dose of thorax and abdomen, the conversion factor was chosen to 0.018 (average of 0.017 and 0.019) (25, 26) . This will probably overestimate the effective dose since the scan over the neck will be calculated as thorax/abdomen. It remains a challenge to find the correct indication for when WBCTT should be performed. It is still to be shown definitively if WBCT for trauma patients has an effect on morbidity and mortality. The REACT-2 study (15) might provide some answers to this. The current survey indicates a will to accept and a need for Nordic guidelines regarding WBCTT. However, many considerations must be taken into account to make the guidelines adoptable for hospitals with different CT scanners. Hopefully, guidelines will contribute to better trauma care, shorter time to correct diagnosis, optimized scanning protocols, and reduced radiation exposure. Due to potentially high radiation dose from WBCTT to the usually young trauma patients and the introduction of new scanning routines from major trauma centers, guidelines should be encouraged. Guidelines for WBCTT would ensure updated protocols in all hospitals and facilitate consultation between hospitals, which should benefit the patients of trauma.
In conclusion, WBCTT is a scanning protocol for quick and expeditious CT examination of trauma patients, presently defined locally in most Nordic trauma hospitals. Scanning protocols differ significantly between centers. There is an interest in most Nordic hospitals to endorse new guidelines for WBCTT.
